Abstract. The local renin-angiotensin system promotes angiogenesis and vascular proliferation via expression of vascular endothelial growth factor or epidermal growth factor receptor. We hypothesized that angiotensin II type-1 receptor blockers (ARBs) in combination with bevacizumab (Bev) may improve clinical outcomes in patients with metastatic colorectal cancer (mCRC). A total of 181 patients with histopathologically confirmed mCRC treated with first-line oxaliplatin-based chemotherapy in combination with Bev were enrolled between June, 2007 and September, 2010. The patients were divided into two groups based on the presence or absence of treatment with ARBs prior to the initiation of second-line chemotherapy. Kaplan-Meier analysis and Cox proportional hazard modeling were used in the statistical analysis. The median progression-free survival (PFS) in patients undergoing second-line chemotherapy in combination with Bev and ARBs (n=56) vs. those treated in the absence of ARBs (n=33) was 8.3 vs. 5.7 months, respectively [hazard ratio (HR)=0.57, 95% confidence interval (CI): 0.35-0.94, P=0.028]. The median overall survival (OS) was 26.5 vs. 15.2 months, respectively (HR=0.47, 95% CI: 0.25-0.88, P=0.019). In the multivariate analysis, the use of ARBs was independently associated with prolongation of OS and PFS. In conclusion, the use of ARBs prolonged survival in mCRC patients.
Introduction
The systemic renin-angiotensin system (RAS) is associated with cardiovascular regulation. Angiotensin I-converting enzyme inhibitors (ACEIs) and angiotensin II type-1 receptor blockers (ARBs) are among the most widely used antihypertensive drugs. The local RAS reportedly promotes angiogenesis and vascular proliferation via expression of vascular endothelial growth factor (VEGF) or epidermal growth factor receptors (1, 2) . The use of ACEIs was associated with a decreased cancer incidence in a large cohort study, and the potential role of the local RAS in carcinogenesis has attracted significant attention (3) . For example, the growth of gastric cancer cells was significantly suppressed by treatment with angiotensin II type-1 receptor (AT1R) antagonists (4) . Moreover, AT1R antagonists have been found to prevent angiogenesis and growth of xenograft tumors developed by human bladder cancer cells (5) . AT1R antagonists induced downregulation of AT1R expression in the endothelial cells of microvessels in pancreatic cancer. Such downregulation of AT1R may weaken the angiogenetic and tumor-proliferative effects of angiotensin (6) . Synergistic inhibition of tumor growth through suppression of VEGF by combined gemcitabine (GEM) and losartan treatment has been demonstrated in murine pancreatic cancer (7) . A retrospective analysis by Nakai et al suggested that ACEIs or ARBs in combination with GEM may improve clinical outcomes, in terms of overall survival (OS) and progression-free survival (PFS), in patients with advanced pancreatic cancer (8) .
The systemic administration of oxaliplatin with 5-fluorouracil (5-FU) and leucovorin (FOLFOX) or capecitabine (XELOX) and bevacizumab (Bev) is the standard first-line chemotherapeutic regimen in the treatment of metastatic colorectal cancer (mCRC). We hypothesized that ARBs in combination with Bev-based chemotherapy may improve clinical outcomes in mCRC patients. The aim of this study was to retrospectively analyze clinical outcomes in mCRC patients receiving Bev, in order to elucidate the effect of ARBs.
use of medications to control hypertension (HT), including ARBs, was retrospectively determined from the medical records and the patients were divided into two groups: An ARB group (patients receiving ARBs as HT medication), and a non-ARB group (Fig. 1) .
This study was approved by the Institutional Review Board of the Cancer Institute Hospital (registry no. 1244).
Treatment and tumor response. The FOLFOX regimen was administered as follows: Oxaliplatin on day 1 at a dose of 85 mg/m 2 as a 2-h infusion concurrent with folinic acid 400 mg/m 2 /day, followed by bolus 5-FU 400 mg/m 2 and a 22-h infusion of 5-FU 2,400 mg/m 2 for 2 consecutive days. Bev was administered at a dose of 5 mg/kg in a 30-min intravenous infusion on day 1 in 2-week cycles. The XELOX regimen was administered as follows: Capecitabine 2,000 mg/m 2 biweekly, plus oxaliplatin 130 mg/m 2 on day 1. Bev was administered at a dose of 7.5 mg/kg in a 30-min intravenous infusion on day 1 in 3-week cycles. These regimens were repeated every 2 or 3 weeks, until disease progression or development of unacceptable toxicity, or until the patient requested treatment discontinuation. Tumor response was assessed via computed tomography using the Response Evaluation Criteria in Solid Tumors (RECIST), version 1.1 (9) . The evaluation was repeated every 3 (or 4) courses, or more frequently in patients with clinically suspected disease progression.
Statistical analysis. OS and PFS were estimated using the Kaplan-Meier method and compared using the log-rank test. All the reported P-values were the result of two-sided tests, with P<0.05 considered to indicate statistically significant differences. To exclude possible confounding factors, a Cox proportional hazards model was used to estimate hazard ratios (HRs) for the use of ARBs adjusted for significant prognostic factors. The prognostic factors included age (<65 or ≥65 years), gender (male or female), performance status (0-1 or 2), site of metastasis (liver, lung, lymph nodes, or peritoneum), multiple metastases (yes or no), ascites (yes or no), treatment group (ARB or non-ARB) and HT (grade 0 or 1/2/3). The prognostic factors with P<0.2 in the univariate analysis were included in the multivariate analysis.
Results

Patient characteristics.
Among the 181 patients who received first-line Bev-based chemotherapy, 104 received ARBs. The median follow-up period was 2.2 years (26.7 months). No significant differences were observed in the baseline clinical characteristics between the two groups (Table I) . (Fig. 3) . The overall response rates according to RECIST were 68.5% (124/181) in total, 74.0% (77/104) in patients receiving ARBs, and 61.0% (47/77) in patients not receiving ARBs (Table II) . In the multivariate analysis, the use of ARBs was independently associated with prolongation of OS and PFS (first-and second-line) (Table III) .
Discussion
The use of ARBs has been associated with longer OS and PFS in patients with mCRC who undergo first-line Bev-based chemotherapy. This suggests that the suppression of RAS may inhibit tumor growth and improve survival. Lever et al (3) reported that the use of ACEIs was associated with a decreased cancer incidence in a large cohort study and the potential role of the local RAS in carcinogenesis has attracted significant attention. The involvement of the local RAS in pancreatic cancer was suggested due to the expression of AT2 and the AT1R in human pancreatic cancer (10, 11) . It has been demonstrated that ACEIs and ARBs inhibit pancreatic cancer cell proliferation in vitro and delays murine pancreatic cancer progression in vivo via downregulation of VEGF expression (12, 13) . However, the growth of gastric cancer cells was significantly suppressed by treatment with AT1R antagonists. AT1R antagonists were shown to prevent angiogenesis and the growth of xenograft tumors developed by human bladder cancer cells (5) . The crucial role of angiogenesis in tumor growth has been widely recognized, and several reports have revealed that combination treatment with conventional chemotherapeutic drugs and anti-angiogenic agents exert synergistic anticancer effects (14) . It has been reported that ARBs clinically exert potent anti-angiogenic activity (7) .
GEM exhibits a marked anticancer effect, as a result of its cytotoxic action, and an anti-angiogenic effect. It has been reported that GEM inhibited neovascularization in a human pancreatic tumor in nude mice in a very low-dose metronomic schedule. The synergistic inhibition of tumor growth through suppression of VEGF by combined GEM and losartan treatment has been demonstrated in murine pancreatic cancer. In addition, the inhibition of RAS was also reported to induce apoptosis in pancreatic cancer cells (15, 16) . A retrospective analysis by Nakai et al suggested that ACEIs or ARBs in combination with GEM improve clinical outcome in patients with advanced pancreatic cancer (8) .
We retrospectively analyzed the clinical outcome of mCRC patients who underwent standard chemotherapy with Bev to elucidate the effect of ARBs. The results demonstrated that the presence of ARBs prior to the initiation of second-line chemotherapy prolonged OS and PFS (first-and second-line). The induction rate of second-line chemotherapy was similar between the two groups (Table IV) . The development of Bev-induced arterial HT has recently been suggested as a potential predictive marker. Certain studies have reported that HT may predict Bev treatment efficacy, regardless of the analyzed endpoint (OS, PFS, or response rate) (17) (18) (19) (20) (21) . In the present study, second-line OS tended to be longer in patients developing HT. However, there was no significant difference between the two groups in the multivariate analysis. In conclusion, this study demonstrated that OS and PFS were longer in mCRC patients who underwent Bev-based chemotherapy with ARBs, compared with those who did not receive ARBs. However, further prospective clinical trials are required to verify this hypothesis. 
